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Description 

BACKGROUND OF THE INVENTIONS 
Field of the Inventions 

[0001] The present inventions are related to electro- 
chemical devices such as, for example, fuel cells and 
batteries. 

Description of the Related Art 

[0002] Electrochemical cells, such as fuel cells and 
batteries, convert fuel (such as borohydridefuel) and ox- 
idant into electricity and reaction product(s). The prima- 
ry difference between fuel cells and batteries is simply 
that all of the fuel that will be consumed by a battery is 
initially present in the battery, whereas fuel cells have a 
replenishable fuel supply. Electrochemical cells are ad- 
vantageous because they possess relatively high ener- 
gy density and are not hampered by lengthy recharging 
cycles, as are rechargeable (or "secondary M ) batteries. 
Electrochemical cells are also relatively small, light- 
weight and produce virtually no environmental emis- 
sions. Nevertheless, the inventor herein has determined 
that conventional electrochemical cells are susceptible 
to improvement. More specifically, the inventor herein 
has determined that it would be advantageous to in- 
crease the power density and cost effectiveness of elec- 
trochemical cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] Detailed description of preferred embodiments 
of the inventions will be made with reference to the ac- 
companying drawings. 

[0004] Figure 1 is a diagrammatic view of an electro- 
chemical cell in accordance with a preferred embodi- 
ment of a present invention. 

[0005] Figure 2 is an exploded view of an anode in 
accordance with a preferred embodiment of a present 
invention. 

[0006] Figure 3 is an exploded view of a cathode in 
accordance with a preferred embodiment of a present 
invention. 

[0007] Figure 4 is an exploded view of an ion ex- 
change membrane in accordance with a preferred em- 
bodiment of a present invention. 
[0008] Figure 5 is a perspective view of a battery in 
accordance with a preferred embodiment of a present 
invention. 

[0009] Figure 6 is a section view of the battery illus- 
trated in Figure 5. 

[0010] Figure 7 is an enlarged section view of a por- 
tion of the battery illustrated in Figures 5 and 6. 
[0011] Figure 8 is a diagrammatic view of a fuel ceil 
in accordance with a preferred embodiment of a present 
invention. 



[0012] Figure 9 is a diagrammatic view of a battery 
including a fuel level indicator in accordance with a pre- 
ferred embodiment of a present invention. 
[0013] Figure 10 is an end view of the battery iliustrat- 

5 ed in Figure 9 

[0014] Figures 11 and 12 are graphs showing power 
versus sodium borohydride concentration. 
[001 5] Figure 1 3 is a perspective view of a notebook 
computer being used in conjunction with the battery il- 

io lustrated Figures 9 and 1 0. 

[0016] Figure 14 is a perspective view of a battery in 
accordance with a preferred embodiment of the present 
invention. 

[0017] Figure 15 is a section view of the battery illus- 
15 trated in Figure 14. 

[0018] Figure 1 6 is a diagrammatic view of an fuel car- 
tridge in accordance with a preferred embodiment of a 
present invention. 

[0019] Figure 17 is a diagrammatic view of a device 
20 in accordance with a preferred embodiment of a present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 

[0020] The following is a detailed description of the 
best presently known modes of carrying out the inven- 
tions. This description is not to be taken in a limiting 
sense, but is made merely for the purpose of illustrating 
30 the general principles of the inventions. It is noted that 
detailed discussions of electrochemical cell structures 
that are not pertinent to the present inventions have 
been omitted for the sake of simplicity. 
[0021 ] As illustrated for example in Figure 1 , an elec- 
ts trochemical ceil 100 in accordance with one embodi- 
ment of a present invention includes an anode 102 (or 
"fuel electrode") and a cathode 1 04 (or "air electrode"). 
An optional ion exchange membrane 106, which is se- 
cured to the cathode 1 04 in the exemplary embodiment, 
40 may be provided in those instances where a soluble fuel 
is used. Fuel 108 is consumed at the anode 102. Oxy- 
gen, which is preferably drawn from ambient air, is con- 
sumed at the cathode 104. The anode 102 is protected 
from the air by an air impermeable membrane 1 09 (Fig- 
45 ure 7). The fuel 1 08 is located with a relatively thin space 
(i.e. about 0.5 mm to about 5 mm) between the anode 
1 02 and the ion exchange membrane 1 06. As discussed 
in greater detail below, the manner in which the fuel 1 08 
is situated adjacent to the anode 1 02 will depend on the 
so style (i.e. a battery or fuel cell) and particulars of the 
electrochemical cell. For example, a space for additional 
fuel may be provided between the anode 102 and the 
air impermeable membrane 109. 
[0022] The fuel 1 08 is preferably a borohydride fuel 
55 such as, for example, sodium borohydride (NaBH 4 ) in a 
20% sodium hydroxide (NaOH) solution. Here, when the 
electrochemical cell 100 is connected to a load, the re- 
action at the anode 102 will be BH 4 + 8 OH- -» B0 2 - + 6 
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H 2 0 + 8e- (2), while the reaction at the cathode 1 04 will 
be 8 e- + 4 H 2 0 + 20 2 ->8 OH- (3). 
[0023] The exemplary anode 1 02 is preferably a stain- 
less steel anode. As illustrated for example in Figure 2, 
the exemplary anode 102 may be a membrane elec- 
trode assembly ("MEA") that consists of a support layer 
110, a catalyst layer 112 and a stainless steel collector 
114. In a borohydride-fueled electrochemical cell, a suit- 
able support layer material is Teflon and a suitable cat- 
alyst is an alloy or a transition metal. The stainless steel 
collector 114 is preferably a porous structure such as a 
porous stainless steel plate, a mesh (such as a 10 mi- 
cron mesh) formed from stainless steel microfibers, or 
a stainless steel composite. A suitable stainless steel is 
316 stainless steel. 

[0024] Stainless steel is preferred because it does not 
catalyze borohydride to hydrogen conversion, but does 
catalyze the electrolytic reaction at the anode 1 02. Thus, 
in the preferred implementation, the stainless steel an- 
ode 102 is in physical contact with the fuel 108 and is 
not coated with a catalyzing metal or any other surface 
coating. It should be noted that other metals that do not 
generate significant amounts of hydrogen, but do cata- 
lyze the electrolytic reaction may also be used for the 
anode 102. 

[0025] The exemplary cathode 104 is preferably a 
transition metal oxide cathode. Transition metal oxides 
are more cost-effective than pure transition metals 
(such as pure precious metals). Transition metal oxides 
also participate in the reaction at the cathode, while pure 
transition metals do not. As illustrated for example in 
Figure 3, the exemplary cathode 1 04 is also in the form 
of an MEA. More specifically, the exemplary cathode 
104 consists of an air permeable, liquid impermeable 
membrane layer 116, a catalyst layer 118 formed from 
a transition metal (i.e. scandium, titanium, vanadium, 
chromium, manganese, iron, cobalt, nickel, copper, 
zinc, yttrium, zirconium, niobium, molybdenum, techne- 
tium, ruthenium, rhodium, palladium, silver, cadmium, 
hafnium, tantalum, tungsten, rhenium, osmium, iridium, 
platinum, gold, mercury, rutherfordium, dubnium, sea- 
borgium, bohrium, hassium, meitnerium, ununnilium, 
unununium or ununbium) oxide and a collector 120 
formed from a metal mesh such as stainless steel, cop- 
per or gold plated nickel mesh. In a borohydride-fueled 
electrochemical cell, a suitable transition metal oxide 
MEA for the cathode is the AC65 silver MEA from 
Alupower, Inc. in Pawcatuck, Connecticut. Platinum ox- 
ide and gold oxide are also preferred cathode materials. 
[0026] The inventor herein has determined that the 
combination of a stainless steel anode and a transition 
metal oxide cathode in a borohydride-fueled electro- 
chemical cell provides power densities greater than 300 
Watt-hours per kilogram of borohydride fuel ("Wh/kg"). 
Exemplary power densities include 450 Wh/kg, 600 Wh/ 
kg, 1 000 Wh/kg and 2000 Wh/kg, depending on the con- 
figuration of the cell. The inventor herein has also de- 
termined that the combination of a stainless steel anode 



and a transition metal oxide cathode in a borohydride- 
fueled electrochemical cell provides open cell voltages 
of 0.88 V and 5.76 mw of power at 10 ohms of resist- 
ance. The inventor herein has also determined that the 

5 combination of a stainless steel anode and a transition 
metal oxide cathode in a borohydride-fueled electro- 
chemical cell is more cost effective than conventional 
borohydride-fueled electrochemical cells. 
[0027] One example of the optional ion exchange 

10 membrane 1 06 is illustrated in Figure 4. The exemplary 
ion exchange membrane includes a support layer 122, 
such as a metal or plastic mesh, an electrolyte 124 and 
a membrane 126. Although the present inventions are 
not limited to use with any particular ion exchange mem- 

15 brane, suitable ion exchange membranes for use in 
electrochemical cells that consume borohydride fuel in- 
clude the Selemion™ ion exchange membrane from 
Asahi Glass Company in Tokyo, Japan, the Neosepta 
ion exchange membrane from Tokuyama Porypro Lim- 

20 ited Company in Tokyo, Japan, the Sybron lonac® ion 
exchange membrane from Sybron Chemicals Inc. in Bir- 
mingham, New Jersey, and the R1010 ton exchange 
membrane from Pall Corporation in East Hills, New 
York. 

25 [0028] The exemplary electrochemical cell 1 00 has a 
wide variety of applications. One such application is a 
battery. As illustrated for example in Figures 5-7, an ex- 
emplary battery 128 includes a rolled structure 130 that 
consists essentially of a suitably sized electrochemical 
30 cell 100', a housing 132, a pair of contacts 134 and 136, 
and pair of connectors 1 38 and 1 40 that connect the an- 
ode and cathode collectors 114 and 120 to the contacts. 
The exemplary rolled structure 130 is rolled such that 
the cathode 104 is on the exterior and faces an open 
35 area 142 within the housing 132. There is also a small 
space 144 (typically between about 1 mm and about 10 
mm) between adjacent layers of the rolled structure 130. 
In the illustrated implementation, ambient air reaches 
the open area 1 42 and small space 1 44 by way of a gas 
40 permeable, liquid impermeable membrane 146 that fills 
an opening 148 in the housing 132. Alternatively, in 
those implementations where the rolled structure 1 30 is 
rolled such that the cathode 104 is on the interior and 
faces away from the open area 142, the housing 132 or 
45 host device that is being powered by the battery 128 
may be provided with a forced air apparatus such as a 
fan to provide adequate air circulation. The housing 1 32 
may be formed from materials such as plexiglas or high 
density polyethylene. Preferred materials for the con- 
so tacts 134 and 136 include copper or gold plated nickel 
electrode mesh. 

[0029] The electrochemical cell 1 00' in the exemplary 
battery 1 28 stores the fuel 1 08 (preferably a borohydride 
fuel) in a porous pad 1 50. Suitable pad materials include 
55 rubber and polyethylene foam. Additional fuel may be 
stored in porous portions of the anode 102 and the ion 
exchange membrane 1 06. Once all of the fuel 108 has 
been consumed, the exemplary battery 1 28 may be dis- 
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posed of. 

[0030] Although not limited to use with any particular 
host device, the exemplary battery 128 may, for exam- 
ple, be used in conjunction with portable devices such 
as laptop and palmtop computers, ceil phones and in- 
ternet appliances. Approximately 5 ml to 500 ml of boro- 
hydride fuel will be stored such a battery, with the spe- 
cific volumes depending on the requirements of the host 
device. The size and shape of the housing 1 32 may be 
varied based on the configuration of the host device. An 
implementation of the battery 128 for use in a laptop 
computer, for example, will be about 1 cm to 2 cm x 
about 4 cm to 5 cm x about 6 cm to 8 cm. Additionally, 
although the exemplary battery housing 132 is rectan- 
gular in cross-section, housings of other shapes, such 
cylindrical housings, may also be employed. 
[0031 ] Another application of electrochemical ceils in 
accordance with the present inventions is fuel cells. As 
illustrated for example in Figure 8, a fuel cell system 1 52 
in accordance with one embodiment of a present inven- 
tion includes a stack 1 54, with one or more electrochem- 
ical cells 100 connected in series, that is located within 
a housing 156. Fuel (preferably borohydride fuel) from 
a reservoir 158 is supplied to the anodes of the electro- 
chemical cells by way of a manifold arrangement 159. 
A pump may also be provided if necessary. Air may be 
supplied to the stack 154 by drawing air through a vent 
(not shown) that is formed in the housing 156. An op- 
tional fan 1 60 may also provided, either within the hous- 
ing 156 or within the host device, for this purpose. The 
exemplary fuel cell system 152 is also provided with a 
pair of contacts 162 and 164 that are respectively con- 
nected to the anode series and cathode series. Pre- 
ferred materials for the contacts 162 and 164 include 
copper or gold plated nickel electrode mesh. 
[0032] There are a variety of methods of refueling the 
exemplary fuel cell system. In the illustrated embodi- 
ment, the reservoir 158 is in the form of a removable 
cartridge that mates with a connector 1 66 when the car- 
tridge is inserted into the housing 156. Alternatively, the 
reservoir may be fixed in place and simply refilled as 
necessary. Another alternative is too provide remova- 
ble/replaceable fuel pads that can be inserted between 
the anodes and cathodes of the respective electrochem- 
ical cells. 

[0033] The exemplary fuel cell system 152 is not lim- 
ited to use with any particular host device. Nevertheless, 
like the exemplary battery 128, the exemplary fuel cell 
system 152 is well suited for use with portable devices 
such as laptop and palmtop computers, cell phones and 
internet appliances. As such, approximately 1 ml to 500 
ml of borohydride fuel will be stored in the reservoir 1 58, 
with the specific volumes depending on the require- 
ments of the host device. The size and shape of the 
housing 156 may be varied based on the configuration 
of the host device. An implementation of the fuel cell 
system 152 for use in a laptop computer, for example, 
will be about 1 cm to 2 cm x about 4 cm to 5 cm x about 



6 cm to 8 cm. 

[0034] Electrochemical cells in accordance with the 
present inventions may also be used to measure the 
concentration (or "level") of fuels, such as borohydride 

5 fuels, that are carried in solution in devices such as hy- 
drogen generators and electrochemical cells (i.e. bat- 
teries and fuel cells) used to power host devices. As il- 
lustrated for example in Figures 9 and 1 0, a fuel level 
indicator 1 68 in accordance with one embodiment of a 

10 present invention is incorporated into a battery 1 70 that 
includes a housing 1 72, a fuel reservoir 1 74, an electro- 
chemical cell stack 1 76 which receives fuel from the res- 
ervoir and oxygen from ambient air that enters the hous- 
ing by way of a vent, and a pair of contacts 1 78 and 1 80 

15 that connect the stack to the host device. The electro- 
chemical cell stack 1 76 may be any suitable stack, in- 
cluding a stack of one or more of the electrochemical 
cells 100 described above. The exemplary fuel level in- 
dicator 168 includes an anode 182, a cathode 184, and 

20 a display 1 86. A depressible switch 1 88, which is biased 
to the open position, may also be provided so that the 
fuel level indicator 1 68 will remain inactive until the user 
desires a fuel level measurement Alternatively, the 
switch 188 may be eliminated so that an "always on" 

25 indicator is provided. 

[0035] The exemplary anode 1 82, wh ich is positioned 
within the fuel reservoir 174, is preferably a stainless 
steel anode in those instances where the fuel stored in 
the reservoir is a borohydride fuel. Alternatively, the 

30 stainless steel anode 1 82 may be located outside of, but 
in fluid communication with, the fuel reservoir 1 74. In the 
illustrated embodiment, the anode 1 82 is a MEA similar 
to that described above with reference to Figure 2. The 
exemplary cathode 1 84, which is preferably formed from 

35 a transition metal oxide such as silver oxide, platinum 
oxide or gold oxide, may be positioned within the hous- 
ing 1 72 such that it will be exposed to air. In the illustrat- 
ed embodiment, the cathode 184 is a MEA similar to 
that describe above with reference to Figure 3. The pri- 

^0 mary difference between anodes and cathodes in the 
fuel level indicator 1 68 and the electrochemical cell 1 00 
will typically be the size of the anodes and cathodes and 
the amount of fuel consumed. The fuel level indicator 
168 should, of course, be relatively small as compared 

45 to the associated hydrogen generator or electrochemi- 
cal cells and only consume the small amount of fuel re- 
quired to power to the display 1 86. 
[0036] Although the present inventions are not limited 
to any particular display, the exemplary display 1 86 il- 

50 lustrated in Figures 9 and 10 is a liquid crystal display 
("LCD") apparatus that includes an LCD strip 1 90 and 
the associated circuitry 1 92. The LCD strip 1 90 displays 
a bar 194 in response to activity at the anode 182 and 
cathode 1 84. Depending on the type of circuitry 1 92 that 

55 is employed, the length of the bar 1 94 will be related to 
the power, current or voltage associated with the anode 
1 82 and cathode 1 84 when fuel is being consumed by 
the fuel level indicator 168. The bar 194 will extend to 
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the "high" end of the LCD strip 192 when the fuel con- 
centration is the highest, and will recede to the "low" end 
of the strip as fuel concentration drops. One example of 
a suitable LCD display and circuit arrangement is illus- 
trated in U.S. Patent No. 6,307,605. Displays other than 
LCDs, such as electroluminescent displays and color in- 
dicators, may also be employed. 
[0037] The relationship between power and the con- 
centration of sodium borohydride in a 1 0% sodium hy- 
droxide solution is graphically illustrated in Figures 11 
and 12. The data displayed in Figures 11 and 12 was 
derived from an exemplary electrochemical cell which 
included a stainless steel anode, an AC65 silver MEA 
cathode and approximately 8 ml of fuel. The electro- 
chemical cell was circular, with a diameter of 2.5 cm, 
and the anode and cathode each had a surface area of 
12 cm 2 . 

[0038] As illustrated for example in Figure 1 3, one ex- 
ample of a host device that may be used in conjunction 
with the battery and fuel level indicator arrangement il- 
lustrated in Figures 9 and 10 is a notebook computer 
196. The user will be able to determine the level of fuel 
remaining in the battery 1 70 by simply pressing the but- 
ton 188. In those instances where the battery 170 is in- 
tended to be used with a specific host device (such a 
notebook computer), circuitry may also be provide 
which converts fuel level values into time values based 
on the average power consumption of the host device. 
These values may be displayed on the LCD strip 1 90 to 
indicate approximately how much longer the host device 
may be used before the fuel in the battery is completely 
consumed. 

[0039] The exemplary fuel level indicator 1 68 may be 
incorporated into a wide variety of fuel consuming de- 
vices in addition to the exemplary battery 170. As illus- 
trated for example in Figures 14 and 15, the exemplary 
fuel level indicator 168 may be incorporated into the ex- 
emplary battery 128, which is described in detail above 
with reference to Figures 5-7. Here, the anode 1 82 is 
positioned within the porous fuel storage pad and the 
cathode 184 is positioned within the housing 132. Turn- 
ing to Figure 16, the exemplary fuel level indicator 168 
may also be incorporated into a fuel cartridge 1 98 that 
is used in combination with a host device that has its 
own built-in fuel cell or other type of electrochemical cell. 
The exemplary fuel cartridge 198 includes a housing 
200, a fuel reservoir 202 that stores a fuel (such as so- 
dium borohydride in an aqueous solution), a reaction 
chamber 204 that stores a catalyst, and a bi-product res- 
ervoir 206 that stores the bi-product of the reaction that 
occurs within the reaction chamber. Such cartridges are 
sometimes referred to as "hydrogen generators." Hy- 
drogen released from the fuel will exit the fuel cartridge 
1 98 by way of an outlet connector 208, which also acts 
as a cap to prevent the release of hydrogen until it mates 
with the corresponding host device. In this implementa- 
tion, the anode 182 is located within the fuel reservoir 
202, while the cathode 184 preferably exposed to am- 



bient air within the housing 200. 

[0040] The exemplary fuel level indicator 168, which 
is described in detail above, may be incorpo rated into 
the host device itself. As illustrated in Figure 17, one 
s example of a host device is a portable telephone 210, 
such as a cellular telephone. By way of example, but not 
limitation, other exemplary host devices include person- 
al digital assistants, notebook computers, palmtop com- 
puters, calculators, digital cameras and music/video re- 
cording and playback devices. The exemplary portable 
telephone 210 includes a controller 212 (including a 
processor and memory), a communication device 214 
(including circuitry and an antenna), a microphone 21 6, 
a speaker 21 8 and a display 220. The power consuming 
components of the exemplary portable telephone 210 
are powered by an electrochemical cell 222, or a stack 
of cells, which receives a borohydride fuel from a fuel 
supply 224. The supply 224 may be a replaceable fuel 
cartridge or a refi liable reservoir. Alternatively, if the host 
device is "disposable," the supply 224 may be a non- 
refillable reservoir. Fuel is pumped from the fuel supply 
224, through a catalyst containing reaction chamber 
226, to the electrochemical cell 222 by a pump 228 that 
is controlled by the controller 212. A small battery (not 
shown) may also be provided to provide power prior to 
the initial transfer of fuel to the electrochemical cell 222. 
[0041] The exemplary portable telephone 210 is also 
provided with a small reservoir 230 through which the 
fuel passes on its way to the electrochemical cell 222. 
The fuel level indicator anode 1 82 is positioned within 
the reservoir 230. This allows the fuel concentration to 
be monitored in the manner described above. Alterna- 
tively, the anode 182 could be located within the fuel 
supply 224. 

[0042] Although the present inventions have been de- 
scribed in terms of the preferred embodiments above, 
numerous modifications and/or additions to the above- 
described preferred embodiments would be readily ap- 
parent to one skilled in the art. It is intended that the 
scope of the present inventions extend to all such mod- 
ifications and/or additions. 



borohydride fuel (108); and 
a stainless steel anode (102) associated with 
50 the borohydride fuel (1 08). 

2. A power generator as claimed in claim 1 , wherein 
the borohydride fuel (108) is stored in a porous pad 
(150). 

55 

3. A power generator as claimed in claim 1 , wherein 
the borohydride fuel (108) is stored in a reservoir 
(158). 



Claims 

45 

1 . A power generator, comprising: 



15 



20 



25 



30 



35 



5 



9 



EP 1 353 393 A2 



10 



4. A power generator as claimed in claim 1 1 wherein 
the stainless steel anode (1 02) includes at least one 
porous element (114). 

5. A power generator as claimed in claim 1, further s 
comprising: 

an ion exchange membrane (106). 

6. A power generator, comprising: io 

borohydride fuel (108); and 

a transition metal oxide cathode (104). 

7. A power generator as claimed in claim 6, wherein 1$ 
the borohydride fuel (1 08) is stored in a porous pad 
(150). 

8. A power generator as claimed in claim 6, wherein 

the borohydride fuel (1 08) is stored in a reservoir 20 
(158). 

9. A power generator as claimed in claim 6, wherein 
the transition metal oxide cathode comprises at 
least one porous element (116). 25 

10. A power generator as claimed in claim 6, further 
comprising: 

an ion exchange membrane (106). 30 

11. A power generator as claimed in claim 6, further 
comprising: 

a stainless steel anode (1 02). 35 

12. A borohydride concentration indicator, comprising: 

a stainless steel anode (182); 
a cathode (184); and 40 
a display (186), operably connected to the 
stainless steel anode (1 82) and to the cathode 
(184), adapted to provide a visible indication of 
the borohydride concentration. 

45 

13. A borohydride concentration indicator as claimed in 
claim 12, wherein the display (186) is adapted to 
provide a visible indication of the borohydride con- 
centration based on the voltage bias between the 
stainless steel anode (1 82) and the cathode (1 84). so 

14. A borohydride concentration indicator as claimed in 
claim 12, wherein the display (186) comprises a 
LCD. 

55 

1 5. A borohydride concentration indicator as claimed in 
claim 12, wherein the stainless steel anode (184) 
includes at least one porous element. 



16. A borohydride concentration indicator, comprising: 

an anode (182); 

a transition metal oxide cathode (184); and 
a display (186), operably connected to the an- 
ode (1 82) and to the transition metal oxide cath- 
ode (1 84), adapted to provide a visible indica- 
tion of the borohydride concentration. 

1 7. A borohydride concentration indicator as claimed in 
claim 16, wherein the display (186) is adapted to 
provide a visible indication of the borohydride con- 
centration based on the voltage bias between the 
anode (1 82) and the transition metal oxide cathode 
(184). 

18. A borohydride concentration indicator as claimed in 
claim 16, wherein the display (186) comprises a 
LCD. 

19. A borohydride concentration indicator as claimed in 
claim 16, wherein the transition metal oxide cathode 
(184) comprises at least one porous element. 

20. A borohydride concentration indicator as claimed in 
claim 1 6, wherein the transition metal oxide cathode 
(184) comprises a silver oxide cathode. 

21 . A borohydride concentration indicator as claimed in 
claim 16, wherein the anode (182) comprises a 
stainless steel anode. 
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